Introduction
Automated blood pressure (BP) measurement is now recognized as the best predictor of cardiovascular events related to hypertension [1] . Out-of-office BP such as home BP recordings and 24-h ambulatory BP monitoring (ABPM) have been incorporated into algorithms [2] for making a diagnosis of hypertension with the latter considered to be the 'gold standard' for classifying the BP status of patients. In routine clinical practice, it is much more practical to monitor an individual's BP status in the office or clinic than elsewhere, but conventional BP readings using manual methods are well known to be subject to different types of measurement error. The determination of BP using mercury or aneroid devices in the office may be affected by either observer or patient factors, or a combination of the two. As a consequence, office readings may be higher than during usual daily activities (white coat hypertension) and reproducibility of BP from visit-to-visit may be relatively poor, making it difficult to diagnose hypertension or monitor a patient's response to drug therapy.
In 2001, a validated automated sphygmomanometer, the BpTRU (BpTRU Medical Devices, Ltd., Coquitlam, British Columbia, Canada), became available for routine use in the office or clinic [3] . The BpTRU was specifically designed to minimize measurement error by eliminating observer-patient interaction. This device can be set to take readings at 1-5 min intervals between the start of one reading and the start of the next reading with the patient sitting quietly alone in the examining room. The first reading is taken by the observer (either physician or other health professional) using the BpTRU to verify that the cuff has been placed in the correct position so that the reading is valid. Most often, the device is set to take measurements at either 1-min or 2-min intervals and the observer then leaves the room. After 5 or 10 min, the BpTRU displays the mean of five readings, heart rate and individual BP readings for verification purposes. Currently, no data on the optimum frequency for recording BP with an automated device such as the BpTRU are observed. Both the 1-min and 2-min settings have been used in research studies and routine clinical practice. The 1-min setting is popular with clinicians because it minimizes the time required to measure BP but could theoretically increase BP by causing more arm discomfort.
In this study, we have compared readings taken at either 1 or 2-min intervals to the mean awake ambulatory BP (ABP) to determine if recording BP as frequently as every minute has any effect on the measurement of BP.
Methods

Patient population
BP readings taken at 1-min and 2-min intervals were evaluated in two series of patients using either a between-patient comparison (n = 400) or a withinpatient comparison (n = 50). All patients were referred to an ABPM centre with each patient having office BP recorded using the automated BpTRU device at 1-min or 2-min intervals followed by 24-h ABPM. The 50 patients who participated in the within-patient part of the study had BpTRU readings taken at both 1-min and 2-min intervals either before or after 24 h ABPM, with the order of the 1-min and 2-min recordings being randomized.
Before initiating the ABP recording, patients were seated in a quiet examining room and the BP cuff of the BpTRU device was attached to the upper arm. An initial reading was obtained and then automatically discarded. For 200 consecutive patients, this device was set to take readings at 1-min intervals. For the next 200 patients, readings were performed at 2-min intervals. The timing of each setting is measured from the start of one reading to the start of the next reading. For the 1-min setting, there is 15-30 s between readings when the BP is lower and virtually no time between readings in patients with higher BP levels.
Upon completion of five BpTRU readings, the mean BP and heart rate value were noted and the patient then underwent 24 h ABPM using a SpaceLabs model 90207 (Spacelabs Healthcare Ltd., Issaquah, Washington, USA) device. Patients were asked to engage in usual daily activities and to return the ABPM recorder the next morning. The ABP monitor was set to take readings at 15 min intervals during awake hours (06:00-22:00 h) and at 30 min intervals during the night. Mean awake ABP for data analysis was determined using individual diaries, which gave the precise time spent awake. The mean awake ABP was compared with the BpTRU readings taken during the visit to the ABPM unit.
The primary outcome measure for the between-patient comparison was the difference between the automated office BP and the mean awake ABP with readings taken at 1-min versus 2-min intervals with differences being displayed using a Bland-Atman-type plot [4] showing the individual data points. These differences were categorized as systolic BP of less than 10, 10 to less than 20 and greater than or equal to 20 mmHg, and diastolic BP of less than 5, 5 to less than 10 and greater than or equal to 20 mmHg. Differences between automated office BP versus ABP were also computed for hypertensive patients defined as a systolic BP greater than or equal to 135 mmHg and/or a diastolic BP greater than or equal to 85 mmHg using readings obtained with the BpTRU device.
Mean BP values were also compared for the office versus ambulatory readings and Pearson's coefficients of correlation (r) values were calculated to examine the relationship between the office BP at 1-min and 2-min intervals versus the mean awake ABP. Differences in mean BP between the automated readings taken at 1-min versus 2-min intervals in the 50 patients who had readings at both settings were compared using repeated measures analysis of variance.
Results
Between-patient comparison
No significant differences were observed in clinical characteristics in the between-patient analysis between the 1-min versus 2-min subgroups: mean age 63 ± 14 versus 63 ± 15, number of males/ number of females 94/106 versus 90/110, number of treated patients/ number of untreated patients 129/71 versus 108/92, respectively.
In the two groups of 200 patients, mean BpTRU values were within 4 mmHg of the mean awake ABP regardless of whether readings were taken at one or two minute intervals (Table 1) . Differences between the BpTRU versus mean ABP were identical for systolic BP ( -2.2 mmHg) for both the 1-min and 2-min groups. Diastolic BP taken with the BpTRU at 1-min intervals were significantly (P < 0.001) lower ( -3.8 ± 8.4 mmHg) versus the ABP. Diastolic BP taken at 2-min intervals were similar ( -0.9 ± 8.1 mmHg) to the ABP. Comparative BP values for patients with hypertension based on a mean awake ABP greater than or equal to 135/85 are shown in Table 1 . Systolic and diastolic BP values taken with the BpTRU device were significantly lower than the awake ABP for both the 1-min and 2-min settings, with differences ranging from less than 1 mmHg up to 6 mmHg.
Differences between the individual BpTRU readings taken at 1 or 2-min intervals and the corresponding mean awake ABP were plotted against the mean ABP (Figs 1  and 2 ). For the 1-min versus 2-min groups, the number of patients with systolic BP differences of less than 10, 10 to less than 20 and greater than or equal to 20 mmHg were 161, 27, 12 versus 165, 19, 16, respectively. Similarly, for diastolic BP, differences between the BpTRU and ABP for values less than 5, 5 to less than 10 and greater than or equal to 10 mmHg for 1-min versus 2-min groups were 166, 27, 7 versus 150, 33, 17, respectively.
Pearson's coefficients of correlation between the BpTRU and mean awake ABP readings for systolic/diastolic BP were r = 0.640/ r = 0.693 and r = 0.631/r = 0.757 for the 1-min and 2-min groups, respectively. None of the differences in coefficients of correlation between groups were statistically significant.
Within-patient comparison
Mean automated office BP measurements taken at 1-min intervals were similar to the values obtained at 2-min intervals with the systolic BP being 2 mmHg higher for the 1-min setting and the diastolic 1 mmHg higher for readings taken every 2 min ( Table 2 ). The automated systolic and diastolic office BP readings recorded at either 1-min or 2-min intervals were 2-5 mmHg lower than the mean awake ABP. For the 1-min versus the 2-min readings, the number of patients with systolic BP differences between the BpTRU and ABP values of less than 10, 10-19 and greater than or equal to 20 mmHg were 20, 22 and 8 versus 24, 21 and 5, respectively. Similarly, for diastolic BP, differences between the BpTRU and ABP values of less than 5, 5 to less than 10 and greater than or equal to 10 mmHg for 1-min versus 2-min readings were 21, 24 and 5 versus 30, 12 and 8, respectively.
Pearson's coefficients of correlation between the mean awake systolic/diastolic ABP and automated readings taken at either 1-min intervals (r = 0.695/r = 0.689) were similar to the correlation between the ABP and automated readings taken at 2-min intervals (r = 0.717/ r = 0.820).
Discussion
Automated BP taken in the office or clinic may be performed at either 1-min or 2-min intervals without affecting the relationship between these measurements and the mean awake ABP. In the between-patient comparison, differences in systolic BP between the office and ABP were similar regardless of whether readings were taken at 1 or 2-min intervals using the automated BpTRU device. Diastolic BP readings with the automated office BP were slightly lower when taken at 1-minute intervals. Percentages of patients with hypertension were similar in the 1 and 2-min groups. No consistent differences were observed between the automated readings taken with the BpTRU in the same patients at 1-min versus 2-min intervals. The automated office systolic was slightly lower using the 1-min setting whereas the diastolic BP was slightly higher.
Overall, in the between-patient analysis, differences between the office readings and ABP tended to be small with 81 and 83% of 1-min and 2-min interval patients having differences in systolic BP less than 10 mmHg and 83 and 75% having differences in diastolic BP less than 5 mmHg.
Subgroup analysis did not show any influence of BP status (hypertension vs. normal BP) on the findings. In particular, readings in hypertensive patients were not increased by the shorter 1-min office BP interval. If anything, BpTRU readings using the 1-min setting tended to be slightly lower. This finding is noteworthy in that the 1-min interval between the start of one reading and the start of the next in hypertensive patients leaves virtually no period of rest between deflation of the cuff and inflation for the next reading, especially if the large adult cuff size is used. Any arm discomfort caused by the more frequent BP measurements using the 1-min setting does not seem to affect the BP reading. A similar finding was noted in a preliminary communication by Eguchi et al. [5] which reported no differences in the mean of three consecutive readings taken at intervals of either 10 s or of 1 min from the end of one reading to the start of the next. The authors concluded that a 10 s interval between multiple BP readings is as accurate as a 1-min interval for evaluating a patient's blood pressure.
Culleton et al. [6] examined BpTRU readings taken at 5 min intervals and observed significantly lower systolic ( -9.7 mmHg) and diastolic BP ( -3.9 mmHg) values compared with mean awake ABP. Use of the 5-min interval raised concern that BP recordings over a 25 min period might be more appropriately classified as 'basal' and not comparable with the 'casual' BP, generally used to assess BP status. Furthermore, a 25 min period for determining BP in routine clinical practice would be impractical.
The only other study [7] comparing office BP and ABP in a large population showed a close relationship between for readings taken at 1-min versus 2-min intervals. It is noteworthy that the mean diastolic BP readings taken with the BpTRU device and the mean awake ambulatory diastolic BP were identical. In a recently completed BP survey involving 238 residents of the Province of Ontario [8] , BP readings were taken in a quiet examining room with both the BpTRU and standard mercury sphygmomanometer. For the BpTRU set at 1-min intervals, mean BP taken with patients while alone were 3/3 mmHg lower than with the mercury device. This difference is consistent with a reduction in the 'white coat' response when the BpTRU is used. For a 3-mmHg fall in systolic BP, the diastolic BP would be expected to be about 2 mmHg lower than with the mercury sphygmomanometer. The 3-mmHg difference in the diastolic BP seen with the BpTRU does not support a clinically important lower diastolic BP when readings are taken with the BpTRU at 1-min intervals.
Protocols developed to validate the accuracy of automated BP recording devices [9, 10] such as the BpTRU and SpaceLabs 90207 used in this study consider differences of up to 5 mmHg between the test device and the standard mercury sphygmomanometer to be within acceptable limits, given the recognized variability in BP measurement. Thus, automated devices considered to be 'equivalent' for the recording of BP in clinical practice are not expected to produce identical BP readings when used in the same patient, even under standardized conditions. The differences between readings obtained with the BPTRU and SpaceLabs recorders in this study fall within the 5-mmHg range, although the size of the population sample resulted in some of the values being statistically significant.
In summary, automated systolic BP readings taken at 1 or 2-min intervals in the office using the BpTRU device were similar to each other and to the mean awake ABP.
The demonstration that repeated measurement of BP over a 5-min period does not adversely affect the accuracy of readings should encourage the use of automated BP measurement in routine clinical practice.
